11. Ghio, A. J. Biochim. Biophys. Acta 1790, 731-739 (2009 This article was published online on 9 March 2016.
maintained or reversed smoke-induced inhibition of mucociliary clearance in mice. Deferiprone has been approved for human use by the US Food and Drug Administration. However, although targeting the iron-loading pathway is of great interest, deferiprone has been associated with reduced white-blood-cell counts and increased risk of infection. These side effects could limit the drug's potential, particularly because periodic lung infections are a major cause of illness in people with COPD. Another limitation of Cloonan and colleagues' study is that it does not provide clear insight into how IRP2-mediated mitochondrial dysfunction contributes to specific COPDassociated traits. In fact, IRP2 and mitochondrial iron loading are associated with many COPD-related traits in smoke-exposed mice.
One particularly interesting aspect of the study is the apparently direct effect of iron loading and mitochondrial function on the ciliary activity required for mucus clearance. The beating of cilia requires substantial production of energy-carrying ATP molecules by mitochondria. However, I know of no previous reports of a direct association between mitochondrial iron levels and mucociliary clearance. Future studies should identify the cellular processes by which mitochondrial iron loading impairs human lung function. Also unexplored is the relationship between IRP2, cigarette-smokeinduced mitochondrial iron levels and cancer. The genetic region on chromosome 15 that harbours IRP2 has been repeatedly implicated in susceptibility to lung cancer 14 . It remains likely that many individual genes each contribute small components of risk to discrete COPD traits. Ultimately, a better understanding of the various risk factors, combined with improved clinical analysis of the traits in each patient, will help to identify the best possible, personalized interventions. Cloonan and colleagues' report represents just one chapter in our improved understanding of the interaction between the genetic and environmental risk factors associated with chronic lung disease. Nonetheless, it is an exciting chapter, because it reveals that smoke-induced mitochondrial iron loading has an unexpected role in COPD, which may serve as a bona fide therapeutic target. ■ 
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A close-up view of coupled molecules
Processes such as photosynthesis depend on the interplay between the electric dipoles of chromophore molecules. Yet these dipole-dipole interactions have not been visualized at the atomic level -until now. See Letter p.623
nteractions between the electric dipoles of molecules have a key role in many biological and photonic processes, but have been difficult to study at the atomic scale. On page 623 of this issue, Zhang et al. 1 report the optical properties of two individual molecules separated by a few nanometres, which they probed in real space using a method based on scanning tunnelling microscopy. The resulting highly resolved images provide an unprecedented visualization of the dipole-dipole interactions between the molecules.
Chromophores are a class of molecule that can absorb and re-emit visible light. The colour of the absorbed and emitted photons is intimately linked to the chemical structure of these molecules, but also depends crucially on their immediate environment. In this context, dipole-dipole interactions are key -they have a central role in photosynthesis, for example, transferring the energy harvested from sunlight by one molecule to another molecule that converts it into chemical energy.
Such intermolecular interactions can be viewed, to a first approximation, as an exchange of information mediated by electromagnetic waves. A fascinating consequence of this is that chromophore states may exhibit strong entanglement -a quantum phenomenon in which a group of objects must be considered as a whole to be understood, rather than as a sum of individual components -even when separated in space by several nanometres 2 . The optical properties of chromophores are therefore strongly influenced by the number, distance, arrangement or orientation of their neighbours. Determining the impact of these different parameters is highly desirable, both for fundamental reasons and for potential applications, but requires methods capable of manipulating and probing the optical properties of chromophores with atomic-scale resolution. Such resolution has been out of reach, even with the best optical set-ups 3 . Zhang and colleagues overcame this problem by using electrons, rather than photons, to excite the chromophores. Electrons can be confined to atomic-scale pathways using a scanning tunnelling microscope. In such experiments, an extremely thin metallic tip is brought towards a molecule deposited on a metallic surface. Electrons jump from the tip to the molecule when the separation reaches approximately one nanometre, thanks to a quantum effect called tunnelling. A few of these electrons (about 1 in 10,000) lose some of their energy during this process, causing light to be emitted. By precisely scanning the molecule with the tip, the spatial variation of the emitted light intensity can be visualized at a resolution that beats any all-optical approach.
This method was first used to obtain atomicscale optical maps of fullerene molecules (buckyballs) deposited on gold surfaces 4 . But the optical signal in those experiments was not directly related to the light emission (luminescence) of the molecules, because the direct contact between the fullerenes and the gold surfaces enabled electrons to relax from excited states through a mechanism that is faster than luminescence. This quenching of luminescence can be prevented by separating chromophores from the metallic substrate using a thin, electrically insulating layer of oxide -as reported in a pioneering paper 5 that provided the first evidence that electrons can be used to study single-molecule luminescence. Similar experiments have since been performed for molecules separated from the surface by chains of organic molecules 6 and for molecules directly suspended between the tip and the surface 7 . Zhang et al. adopted a similar decoupling strategy: they used the metallic tip of a microscope to move two chromophores towards each other on a thin layer of salt, and monitored the spectra emitted by the molecule as they did so. The results are impressive. The authors observed a change in the main emission line of the molecules' luminescence spectra when the distance between the chromophores reached about 3 nm. The line eventually split into multiple peaks as the distance was further reduced.
The authors reconstructed atomically resolved maps of the emitted light by scanning the two chromophores with the tip of the microscope (Fig. 1) . The patterns in these photon maps are different for each of the peaks in the luminescence spectrum of the molecules. Backed up by a theoretical analysis, Zhang and colleagues suggest that the data indicate hybridization of the excited states of the two molecules. The maps therefore correspond to a direct visualization of the dipole-dipole coupling between the chromophores.
The researchers went on to use their technique to study how the optical emissions changed in chains of chromophores (in which the molecules are close enough for dipoledipole interactions to occur) as the number of chromophores increased from two to four. The emission spectra and the photon maps of these systems revealed delocalization of the excited states across the whole chain, which strongly hints that the molecules' states are entangled -although the authors did not measure entanglement in their experiments.
Zhang and colleagues' findings suggest that they could construct, chromophore by chromophore, a small J-aggregate -a kind of dye whose emission intensity increases quadratically with the number of molecules of which it is composed. However, the observed increase in emission intensity is lower than expected for chains composed of four molecules, indicating that the authors' model of excitation and relaxation mechanisms in the chromophores needs to be refined.
Future work should also examine the influence of the angle between molecular dipoles, or focus on more-complex arrangements of chromophores. Another exciting prospect is that energy transfers between individual donor and acceptor molecules could one day be investigated directly using the authors' technique. Probing the statistics of the emitted photons 8 
Making risk-takers settle
In rats, individual differences in risk preference and in sensitivity to gains compared with losses are controlled by a specific neuronal population, stimulation of which neutralizes risk-seeking behaviour. See Letter p.642
he world is rife with uncertainty, affecting everything from financial investments to animals' foraging decisions. Many individuals find uncertainty intrinsically aversive, choosing to settle for a sure thing even if it means forgoing the possibility of a better outcome. But some seek out the chance of a big win, even if it comes with the risk of getting next to nothing in return. In this issue, Zalocusky et al. 1 (page 642) report that driving the activity of a specific population of neurons can sway risk-seeking animals to make more risk-neutral decisions.
Although the term risk is often used colloquially to imply impending danger, in several subdisciplines of economics the formal definition simply describes the variance in the value or desirability of possible outcomes. Zalocusky et al. characterized rats' behaviour in a decision-making task that involved two options, each of which paid out the same sugar reward on average, but which differed in risk. The risky choice yielded either a large or a small reward, whereas the safe option yielded a guaranteed intermediate-sized reward. When choosing the risky option, a rat that received a large reward had made a relative gain, whereas a small reward was a relative loss compared with both the average value of that risky gamble and the certain reward of the safe option.
As a group, the rats' decisions were influenced by recent gains and losses. Like humans, however, not all individuals made the same pattern of choices (Fig. 1) . Many rats selected 1 brought the metallic tip of a scanning tunnelling microscope towards two chromophore molecules on a thin layer of salt, which was deposited on a metallic surface. Electrons jump from the tip to a molecule when the separation reaches about 1 nm, causing the molecule to emit light. By precisely scanning the molecules with the tip, the authors visualized the spatial variation of the emitted light's intensity at atomic resolution. The resulting map is a visualization of the interactions between the chromophores' dipoles (purple arrows). 
